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Introduction 


Welcome to Microsoft® Excel Solver! With this easy-to-use Microsoft Excel 
companion application, you can get more and better answers out of the same 
worksheet you built to ask “what-if’ questions. Microsoft Excel Solver 
answers questions like: “What product price or promotion mix will maximize 
profit? How can I live within the budget? How fast can we grow without 
running out of cash?” Instead of guessing over and over, you can use Solver 
to find the best answer. 


To get started with Microsoft Excel Solver, follow the steps in “Installing 
and Starting Microsoft Excel Solver’ at the end of this chapter. Use the 
tutorial in Chapter 2, “Learning Microsoft Excel Solver,” to learn basic 
procedures. 


Going Beyond “What-If” 


Building a worksheet model allows you to explore a variety of scenarios 
merely by changing a number and letting Microsoft Excel recalculate your 
formulas. 


That same worksheet model can do a lot more if you use Microsoft Excel 
Solver. Instead of asking, “What profit will we earn if we raise our product 
price to $50?" you can work backward from the result you want by asking, 
“What product price do we need to earn profits of $1 million?” With the right 
model (for example, one that relates demand and sales revenue to price), you 
can also ask, “What product price will result in the highest profit?” Microsoft 
Excel Solver will give you answers to questions like these just as easily as 
Microsoft Excel gives you answers to conventional “what-if” questions. 


Using Microsoft Excel Solver 


Microsoft Excel Solver is simple to learn and use. Once Solver is installed, it 
is available whenever you run Microsoft Excel—just choose the Formula 
Solver command, which is added when Solver is installed. 


You create your worksheet model using standard Microsoft Excel commands 
and options. You don’t have to do anything different to your worksheet to 
use it with Solver. Then you use the options in the Formula Solver dialog 
box to indicate the cells involved in the problem. You need only four steps to 
find a feasible or optimal solution. In the Formula Solver dialog box, you: 


= Select the adjustable cells whose values are to be adjusted until a solution 
is found. 


a Select constraint cells, which must fall within certain limits or satisfy 
target values. 
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« Optionally, select a cell (such as net profit) whose value is to be max- 
imized, minimized, or made to reach a certain value. 


= Choose the Solve button. 


After a pause (which varies depending on the nature of your problem and the 
size of your worksheet), the solution values appear in the adjustable cells. 
Microsoft Excel then recalculates values that satisfy the constraints and max- 
imize or minimize the value in the cell you specified. 


Min ronett Heed Salven te bimeih en well emtabtiabed! nameriodt mnethors for 
eqmition solving and opine zation. Ehese methods supply relevint miner 
inputs (o your Microsoft Excel model, which, through the normal recal- 
culation process, calculates the output. By trying various inputs and ob- 
serving the corresponding outputs (and their rates of change as the input 
values are varied), these methods are able to proceed toward a previously 
selected target output or find the maximum or minimum value for some 
output such as net profit. 


Because these numerical methods involve successive tries where inputs are 
supplied and the calculated outputs are observed, they are called iterative 
methods. Each try is called an iteration. In a sense they proceed by trial and 
error, much as you might by hand. But because the methods involve sophis- 
ticated numerical analyses of the results of previous iterations to arrive at the 
next set of trial inputs, they typically arrive at a solution far more quickly 
than the usual guesswork approach, especially when the problem involves 
many simultaneous inputs, outputs, and constraints. 


The solutions provided by numerical methods are, by their nature, approx- 
imations of the “actual” solution. For many problems, especially complex 
problems, there are multiple solutions. Solver may find an optimum solution 
within a range of the adjustable cells, but this solution may not be the best 
overall solution. The answer found using numerical methods depends on the 
initial values for the adjustable cells. To be sure you are finding the best 
solution, try running Solver several times, with different starting values in 
the adjustable cells. 


Microsoft Excel Solver can solve or optimize worksheets that involve both 
linear and nonlinear equations and inequalities. The number of goals and 
adjustable cet!s Microsoft Excel Solver can work with at one time depends 
on the amount of memory available on your computer. 
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Solver consists of the Solver application and an add-in macro. Microsoft 
Excel and the Solver application communicate through Dynamic Data 
Exchange (DDE). Solver sends new values for the adjustable cells (the 
inputs) to Microsoft Excel, causing Microsoft Excel to recalculate the 
worksheet. Microsoft Excel sends the calculated values for the constraints 
and optimum cell (the outputs) back to Solver, also through DDE. This 
cycle is repeated many times as Solver nears a solution. For more infor- 
mation on DDE, see Chapter 8, “Working with Data from Multiple Doc- 
uments,” in the Microsoft Excel User's Guide, 


How to Use This Book 


Chapter 2. Leaning Microsott baceb Solver steps though sample prot 
lems using a worksheet file supplied with Solver. 


Chapter 3, “Using Microsoft Excel Solver,” shows how to enter parameters 
for a problem and change the specifications Solver uses when solving a 
problem. It covers in more depth what you need to know about using Solver. 


Chapter 4, “Using Microsoft Excel Solver with Macros,” shows you how to 
include Solver in macros written in the Microsoft Excel macro language. By 
writing macros that communicate with Solver, you can customize and extend 
your new problem-solving capability. 


Chapter 5, “Sample Applications,” provides examples that apply Microsoft 
Excel Solver in disciplines such as finance, investments, manufacturing, 
human resources, and engineering. 


The appendix, “Microsoft Excel Solver Messages,” will help you determine 
the cause of error messages that may appear while you are using Solver, and 
help you solve the problems that they indicate. 


Installing and Starting Microsoft Excel Solver 


NOTE 


If you chose not to install Microsoft Excel Solver when you set up Microsoft 
Excel, you need to install it now. 


It is important that you install Microsoft Excel Solver by using the installation 
procedure designed for your computer's operating system. For specific 
instructions, see “Installing Microsoft Excel” in Microsoft Excel Getting 
Started. 
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If the Formula menu does not include the Solver command, check that full 
menus are displayed. Choose the Options Full Menus command. If the 
Options menu includes the Short Menus command, full menus are already 
displayed. 


If full menus are displayed and Solver isn't on the Formula menu, then 
Solver is not installed on your system and you need to install it. 
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Learning Microsoft Excel Solver 


mare 
' This chapter takes you on a quick tour of Microsoft Excel Solvet's fea- 


di, tures. The sample worksheet used in this lesson is called SAMPLE.XLS in 


Microsoft Excel for Windows or OS/2, and Sample in Microsoft Excel for 
the Macintosh. It shows a simple budget for a product, including unit sales 
and revenue, cost of sales and gross margin, three expense lines (for the sales 
_ Personnel, advertising, and corporate overhead), and a product line profit 
ney on j figure by quarter, plus yearly totals. In this lesson, you'll open the worksheet, 
and then solve several problems. In the process, you'll learn how to: 


® Solve for one value or several values to maximize or minimize another 
value. 


Enter and change constraints. 


Save a problem model. 


Opening the Sample Worksheet 


sn Opening the sample worksheet 
1 Choose File Open. 


2 In Microsoft Excel for Windows or OS/2, select SAMPLE.XLS in the 
SOLVEREX directory and choose OK. 


In Microsoft Excel for the Macintosh, select Sample in the Solver 
Examples folder and choose the Open button. 
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| a 2, 03, 04 Total, 
’ Seasonality 09) WW 2 12) H | 
| | 
| 4 |Units Sold 3 seal 4 390] 3.192) 4799) 15 962" | 

| 5 |SolesRevenue | $143,662 | $175,587 | $127,700 | 9191549 $638 498 | 
| 6 |Costot Sales $89.789| $109.742) $79812' $119718| $399.061 | | 


|Z |Gross Margin | $383 | $65,045 | $47,887 | 971.631 | $239 437 | 


| 8 | } | | | { 
| 9 |Personnel | 8.000 | $8.00 | $9,000 | $9,000 $4000 
[10 |Adverising | $10,000 $10000; $0000 $10000) $40,000 | | 











Corp Overhead | $215.49 $26 338 919155! — $28.732 $95,775 | 
Totel Costs | 70040 044990 $00 be! Arron | eine 776 
[14 |Prod Profit $14324 $21.507 | $9732' — $2409 $69,662 | 
[15 |ProftMargin | 10% 12%| 8%! 13%, 11%! 
| 16 | | | | | 
17 |ProductPrce | 40, | | | | 
Product Cost 25 
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The worksheet includes the following information: 


@ Row 2 contains a seasonality factor, reflecting that, historically, sales are 
Higher in qiitters 2 ane 4, and lower in quarters | and 4, 


© How 4 Contain the Harecast fot diitts sold cach quarter. Hach cell Comtatis 
the formula for unit sales; =35*B2*(B10+3000)90.5, This is a typical 
marketing model that shows sales rising from a base figure (perhaps due 
to the sales personnel) with increases in advertising, but with diminishing 
returns. For example, the first $5,000 of advertising in QI yields about 
1,092 incremental units sold, but the next $5,000 yields only about 774 
units more. 


= Row S shows the sales revenue, calculated by multiplying the sales 
forecast in row 4 by the price in cell B17. 


= Row 6 is the cost of sales, based on the sales forecast in row 4 times the 
cost of sales in cell B18. 


= Row 7 is the gross margin—the difference between the revenues in row 5 
and the cost of sales in row 6. 


= Rows 9 through 12 are the total costs. Sales personnel expenses in row 9 
are fixed, as are corporate overhead expenses, which are allocated at 15 
percent of sales. The advertising budget (row 10) is about 6.3 percent of 
sales, allocated evenly throughout the year at $10,000 per quarter. Row 
12 contains the sum of the costs in rows 9, 10, and 11. 


= Row 14 contains the product profit, which is the difference between the 
gross margin in row 7 and the total costs in row 12. 


# Row 15 is the profit margin, calculated by dividing the profit in row 14 
by the sales revenue in row 5. 


# Row 17, product price, and row 18, product cost, are fixed. 


You want to know if the advertising budget is too low, and whether adver- 
tising should be allocated differently over time to take advantage of the 
seasonality. 


Solving for a Value to Maximize Another 


There are many ways you can use Microsoft Excel Solver. One of the 
simplest is to have Solver determine the maximum value of a cell by 
changing another cell. The two cells must be related through the formulas 
on the worksheet. If they are not, changing the value in one cell will not 
change the value in the other cell. 
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For example, in the sample worksheet, you want to know how much you 
need to spend on advertising to generate the maximum profit for the first 
quarter, You are interested in maximizing profit by changing advertising. 
san flolving for a value to maximize another value 

1 Choose Formula Solver. 

2 Inthe Set Cell box, type B14 or select cell B14 (first quarter profits). 
3 Select the Max option. 


4 In the By Changing Cells box, type B10 or select cell B10 (first quarter 
advertising). 


5 Choose the Solve button. 


You will see messages as the problem is set up and Solver starts working. 
Unless the Microsoft Excel window is maximized, the Solver application 
icon will appear at the bottom of your screen, where it will remain until you 
close it or close Microsoft Excel. You'll see the numbers changing in col- 
umns B and F of the worksheet. After a moment, you'll see a message that 
Solver has found a solution. Move the box out of the way (don’t choose a 
button yet) to look at the results. 


Solver has found that QI advertising of $17,094 yields the maximum profit, 
$15,093. 

mim Discarding the results 

To discard the results and return cell B10 to its former value ($10,000): 

1 Select the Restore Original Values option. 

2 Choose OK. 


Resetting Microsoft Excel Solver 


If you want to return the options in the Formula Solver dialog box to their 
original settings so you can start a new problem, you can use the Reset 
button. 

mut Resetting the Solver options 

1 Choose Formula Solver. 

2 Choose the Reset button. 

3 Choose OK. 
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Solving for Several Values at Once — ee 


Microsoft Excel Solver is not limited to solving for one value. You can 
solve for several values at once to maximize or minimize another value. 

For example, in the sample worksheet, you can solve for the advertising 
budget for each quarter that will result in the best profits for the year. Since 
the seasonality factor in row 2 enters into the calculation of unit sales in row 
4 as a multiplier, it seems logical that you should spend more of your adver- 
tising budget in Q4 when the sales response is highest, and less in Q3 when 
the response is lowest. Use Solver to determine the best quarterly allocation. 


st Solving for a value by changing several values 


1 If necessary, choose Formula Solver. 


2 In the Set Cell box, type F14 or select cell F14 (total profits for the year). 


You want to maximize the value in cell F14, but since the Equal To 
option was set to Max when you reset the options in the dialog box, you 
don’t need to change it. 


3 In the By Changing Cells box, type B10:E10 or select cells B10:E10 (the 
advertising budget for each of the four quarters). 


4 Choose the Solve button. 


5 After you examine the results, select the Restore Original Values option 
and choose OK to discard the results and retum cells B10 through E10 to 
their former values. 


You've just asked Solver to solve a moderately complex nonlinear 
optimization problem—that is, to find values for the four unknowns B10 
through E10 that will maximize profits. The results of this unconstrained 
optimization shows that you can increase profits for the year to $79,705 if 
vou spend $89,544 in advertising for the full year. 


The new budget does recover the advertising cost and generates additional 
POTE DHE vor he aching a potitot diminishing reins. Sines yon ean 
HEVEL He bie that yon Hindcl ot pales feopmmioc to avert willbe valid 
Heat yeu! (expecially at greatly inereamed spending levels), it doen't seen 
prudent to go all the way out to the margin. 


Adding a Constraint 


In Microsoft Excel Solver, constraints are used to control the solution 
process. For example, you may not want to spend an unlimited amount on 
advertising. In fact, you want to maintain your original advertising budget of 
$40,000. Add the constraint to the problem that limits the sum of advertising 
in the four quarters to $40,000. 


1 Choose Formula Solver. 
2 To add a constraint, choose the Add button. 
3 In the Cell Reference box, select cell F10. 


Cell F10 must be less than or equal to $40,000. The relationship in 
the middle box is “<=" by default so you don't have to change it. 


In the Constraint box, type 40000 
Choose OK, 


Choose the Solve button. 


NO On S 


After you examine the results, select the Restore Original Values option 
and choose OK to discard the results and return the cells B10 through 
E10 to their former values. 


The solution found by Solver allocates amounts ranging from $5,144 in Q3 
to $15,238 in Q4. Total Profit has increased from $69,662 in the original 
budget to $71,447, without any increase in the advertising budget. 


Changing a Constraint 


When you use Microsoft Excel Solver, you can try slightly different 
parameters to decide the best solution to a problem. For example, you can 
change a constraint to see if the results are better or worse than before. In 
the sample worksheet, try changing the constraint on advertising dollars 
to $50,000 to see what that does to total profits. 


mn Changing a constraint 
1 Choose Formula Solver. 


The conotinint, SUS TO — 40000, ahontd already he aelected in the 
Subject Fo The Constraints bow 


(Hie the OTe batten 
J Tithe Conmstiit bo, ehinge 10000 to 80000, 
4 Choose OK. 
5 Choose the Solve button. 


Solver finds an optimal solution that yields a total profit of $74,814. That's 
an improvement of $3,369 over the last figure of $71,447, on an incremental 
investment of $10,000. In most firms, it’s not too difficult to justify a budget 
increase with a payback of 33.7 percent. This solution also results in profits 
of $4,891 less than the unconstrained result, but you had to spend $39,544 
less to get there. 
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sus Keeping the results 

To keep the results: 

1 Select the Keep Solver Solution option. 
2 Choose OK, 


Saving a Problem Model 


When youre hoone Pile Save, the laetselee thous ie in the Porm Salven 
dialog box are attached to the worksheet and retained when you save the 
worksheet file. When you open this worksheet, the selections in the Formula 
Solver dialog box are the same as when you saved the worksheet. 


However, it's possible to define more than one problem for a worksheet, as 
you did in this chapter. Each problem consists of cells and constraints you 
enter in the Formula Solver dialog box. Since only the last problem entered 
is saved with the worksheet, you lose all other problems defined unless you 
save them individually using the Save Model button in the Solver Options 
dialog box. 


mim Saving a problem model 

To save the selections, you need an empty range of cells on the worksheet. 
1 Select the range C17:C20. 

2 Choose Formula Solver. 

3. Choose the Options button. 

4 Choose the Save Model button. 

5 Choose OK. 


Examine the cells C17:C20 to see the relationship between the formulas in 
the Save Model range and the selections in the Formula Solver dialog box. 
Cell C17 contains the formula =MAX($F$14). Cell C18 contains the for- 
mula = COUNT ($B$10:$E$10), which is used to save the adjustable cells 
reference. Cell C19 contains the logical formula =$F$10<=50000. Cell C20 
was not needed to save the problem and was left empty. 


To load these problem settings later, select cells C17:C20 and then choose 
the Load Model button in the Solver Options dialog box. 


The steps in this chapter have shown you how to use the basic Solver 
features. Each of these features is described in detail in Chapter 3, “Using 
Microsoft Excel Solver.” 
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Using Microsoft Excel Solver 


This chapter explains how to find solutions using Microsoft Excel Solver. 
It describes how to do the following: 


a Define and solve a problem 

es Create a report about the solution 
@ Control the nalition procenny 
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You'll also find guidelines, tips, and troubleshooting hints to help you when 
you need more information about using Solver and a list of all messages that 
can appear when Solver finds or fails to find a solution. 


Defining a Problem 


To define a problem with Solver you first create a worksheet model, just as 
you do with Microsoft Excel. Then you choose Formula Solver and specify 
the cells and constraints for the problem. 


Cell whose value must 
reach a certain goal. Adjustable cells 


SHS! SHSI0  SiSih StS! 
$C$12 $6812 >= SCS14 86814 
SCS8 $6810>-0 








To describe a problem, you do the following: 


= Inthe Set Cell box, specify the cell whose value you want to reach a 
certain value, or be maximized or minimized. Specifying this cell is 
optional. 


# Inthe By Changing Cells box, specify the adjustable cells. An adjustable 
cell is one that can be changed by Solver until the constraints in the 
problem are satisfied and the cell in the Set Cell box reaches its goal. 


MA oa re ee ¥ Bs * “ae ais 


ARE teh MpraiaT PY oe 
way Sift A Ma 





Microsoft Excel Solver User's Guide 


PPR AR SCE CARH 


Chapter 3 Using Microsoft Excel Solver 13 | 








2 MBI sie EN oh 





« Inthe Subject To The Constraints box, specify the constraints on the 
problem. A constraint is a cell or cell range, usually containing a formula 
that depends on one or more adjustable cells, whose value is required 
to fall within certain bounds or satisfy targets as part of the problem 
specification. 


After the problem is defined, you choose the Solve button in the Formula 
Solver dialog box to find the solutions for the problem. 


Specifying the Cell That Must Meet a Goal 


Use the Set Cell box in the Formula Solver dialog box to specify a cell on 
your worksheet whose value should be maximized, minimized, or made to 
reach a certain value. 


Usually, this cell contains a formula. Its value will depend, directly or 
indirectly, on one or more of the adjustable cells. If it does not contain a 
formula, the Set Cell must also be an adjustable cell. Otherwise, Solver has 
no way to change its value. Entering a cell in the Set Cell box is optional; if 
you don't specify one, Solver seeks a solution (values for the adjustable 
cells) that satisfies all of the constraints. 


mun Selecting a cell in the Set Cell box 


1 Choose Formula Solver. 

2 Inthe Set Cell box, select a cell or type a cell name or reference. 

3 If you want the cell's value to be as large as possible, select the Max 
option. 
If you want the cell's value to be as small or as negative as possible, 
select the Min option. 


If you want the cell to have a certain value, select the Value Of option 
and then type that value in the Value Of box. 


If you select the Min option, consider whether the cell in the Set Cell box can 
take on negative values. If it can, but such values are not meaningful in your 


problem, add a constraint specifying that the cell must be greater than or 
equal to zero. 


When you use the Value Of option, Solver will seek values for the adjustable 
cells that cause the value of the cell in the Set Cell box to come as close as 


possible to this target. You can accomplish the same thing by adding a 
constraint specifying the cell should be equal to the value. 


To remove the cell from the problem, delete the cell reference in the Set Cell 
box. Solver will then find a solution that satisfies the constraints, without 
considering any other goal. 


Specifying Adjustable Cells 


Use the By Changing Cells box in the Formula Solver dialog box to specify 
the adjustable cells Solver can vary to find a solution. This box usually con- 
tains a reference to a range of cells or a multiple selection. The number of 
adjustable cells is limited only by the memory available in your system. The 
more cells involved in the problem, the greater the solution time. 


Adjustable cells are sometimes called decision variables or unknowns. They 
are cells that normally contain the key parameters of your model. such as a 
product price or interest rate. The cells you choose as constraint cells or en- 
ter in the Set Cell box should contain formulas that depend (directly or 
indirectly) on the adjustable cells. When you choose the Solve button in the 
Formula Solver dialog box, Solver will find a solution for your model con- 
sisting of values for the adjustable cells that cause the constraints to be 
satisfied and the cell in the Set Cell box to reach its specified goal. 


mus Entering the adjustable cells 
1 If necessary, choose Formula Solver. 


2 Inthe By Changing Cells box, select or enter a range of cells, a multiple 
selection, or a name. ; 


During the solution process, Solver places numeric values in the adjustable 
cells and recalculates the worksheet. These numbers replace the previous cell 
value or formula. When you choose the Solve button in the Formula Solver 
dialog box, Solver first saves the contents of all the adjustable cells. When 
the solution process is complete, you can keep the final numeric values of the 
adjustable cells or restore the original values. 


Using Constraints 


The Add, Change, and Delete buttons in the Formula Solver dialog box are 
used to alter the problem's constraints, The constraints are summarized in the 
Subject To The Constraints box. 
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A constraint consists of a cell reference on the left, a number, formula, or cell 
reference on the right, and a relationship between them in the middle: 


Constraint Meaning 

$C$13 <= 800 Value in cell C13 must be less than or 
equal to 800. 

$C$13 >= $D$13 


Value in cell C13 must be greater than 
or equal to the value in cell 013. 


$C$13 <= $D$13+$E$13 Value in cell C13 must be less than or 
equal to the sum of the values in cells 
013 and E13. 

$C$13:$C$17 >= 0 


Value in cells C13, C14, C15, C16, and 
C17 must each be greater than or 
equal to zero. 

$C$13:$C$17 >= $D$13:$D0$17 Value in cell C13 must be greater than 
or equal to the value in cell D13; cell 
C14 must be greater than or equal to 
cell 014, and so on. 


The number or formula on the right acts as an exact target, an upper bound, 
or a lower bound for the constraint cell (the cell on the left), depending on 
the relationship you specify. Constraints can include upper and lower bounds 
on any cells in your model, including the Set Cell and the adjustable cells. 


The cell on the left of each constraint usually contains a formula that de- 
pends, directly or indirectly, on one or more adjustable cells. In the simplest 
case, the cell referred to is an adjustable cell. This means you are placing an 
upper or lower bound on the value the adjustable cell can assume. If the 
relation is equal (=), the adjustable cell can't be adjusted. 
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1 If necessary, choose Formula Solver. 


2 Inthe Formula Solver dialog box, choose the Add button. 


3. In the Cell Reference box, type or select the reference, name of the cell, 
or cell range whose value you want to constrain. 


4 Inthe box between the Cell Reference box and the Constraint box, select 
the relationship (=, <=, or >=) you want between the referenced cell and 
the constraint you will enter in the Constraint box. 


If you don’t select a relationship, <= is used. 


5 Inthe Constraint box, type or select a number, cell reference, range of 
cells, or formula. 


If you entered a range of cells in the Cell Reference box, you must enter 
either a number or a range of cells of the same size in the Constraint box. 


6 Choose OK to accept the constraint and return to the Formula Solver 
dialog box. 


If you decide you don’t want the constraint, choose Cancel. 
To accept the constraint, and then add another, choose the Add button. 


For example, to add the constraint A3 <= 1000, choose the Add button, type 
or click cell A3, accept the default relationship <=, and type the number 1000 
in the Constraint box. 


When you choose OK or Cancel, all the constraints you've specified appear 
in the Subject To The Constraints box in the Formula Solver dialog box in 
order by cell reference. 


uit Changing a constraint 


The Change dialog box works like the Add dialog box except that, because 
you can change only one constraint at a time, you must select the constraint 
you want to change before choosing the Change button. 


You can change the cell reference, the relationship between the cells and the 
constraint, or the constraint. When you choose OK, your changes are reflect- 
ed in the Formula Solver dialog box. If you choose Cancel, the constraint 
remains unchanged and the Formula Solver dialog box reappears. 


1 If necessary, choose Formula Solver. 


2 Inthe Subject To The Constraints box, select the constraint you want to 
change. 


3 Choose the Change button. 


ne ee ee, Picco 


Microsoft Excel Solver User's Guide 


BI De ea ae a WOU dae AGN Sh Gaia NU SU St as 


VoD Hage The col iorsiins, typ nn oehoed is Hew Oetlon pane ot colle 
whose value you want to constrain in the Cell Reference box. 


To change the relationship between the cells and the constraint, select 


the new relationship in the box between the Cell Reference box and the 
Constraint box. 


To change the constraint, type or select a number, cell reference, or a 
formula in the Constraint box. 


5 Choose OK. 


mut Deleting a constraint 


When you delete a constraint, Microsoft Excel Solver doesn’t prompt you to 
confirm the deletion, so be sure to select the constraint you want. If you do 
make a mistake, just choose the Add button and re-enter the constraint. 


1 If necessary, choose Formula Solver. 


2 In the Subject To The Constraints box, select the constraint you want to 
delete. 


3 Choose the Delete button. 


Solving the Problem 


Microsoft Excel Solver’s solution process involves successive trials, or 
iterations. During each iteration, a new set of adjustable cell values is used to 
recalculate the :vorksheet, and the constraints and optimum cell values are 
examined. The process stops when a solution is found to acceptable preci- 
sion, no further progress is possible, or if the maximum time allowed or the 
maximum number of iterations is reached. 


The Solve button in the Formula Solver dialog box initiates the problem- 
solving process. When you choose the Solve button, you must have pre- 
viously defined a problem by specifying one or more adjustable cells and 
specifying either a cell in the Set Cell box, one or more constraints, or both. 
The first time you define a given problem, follow the procedure described in 
the previous section, “Defining a Problem.” After you define the problem 
once, you can save it and load it the next time you want to use it. If you open 
a worksheet that was saved after setting up a problem with the Formula 
Solver command, you can immediately choose the Solve button for that 
problem; the model last used is loaded automatically. 


mut Solving a problem 
1 In the Formula Solver dialog box, define the problem. 
2 Choose the Solve button. 
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Microsott Excel ts setting up the problem. Phen another message appears 
telling you that Solver is being activated. While the problem is being solved, 
Solver protects your worksheet. You can't change the worksheet, but you can 
activate another worksheet while Solver runs in the background. 


All communication between you and Solver is handled through Microsoft 
Excel dialog boxes and messages. The numbers on your worksheet change as 
Solver tries different combinations of values for the adjustable cells on each 
iteration. You can interrupt the solution process at any time. When the solu- 
tion process is finished, a dialog box appears containing one of the possible 
Microsoft Excel Solver completion messages described later in this chapter. 


min Interrupting the solution process 
» In Microsoft Excel for Windows or OS/2, press ESC. 


In Microsoft Excel for the Macintosh, press COMMAND+PERIOD, 


More About Solving the Problem 











Sens: Guidelines 


No Cell in the Set Cell Box =f you don’t enter a cell in the Set Cell box, 
Solver will stop when it finds the first feasible solution: a set of values for 
the adjustable cells that allow the constraint cell values to satisfy all of the 
constraints. 


No Cell in the Set Cell Box and Equality Constraints, or a Target Value for the 
Cell in the Set Cell Box This type of problem is often called a goal-seeking 
problem, with the equality constraints as the goals. Solver solves the system 
of equations represented by the constraint cells with the adjustable cells as 
unknowns. Solver can also handle a system of equations and inequalities 
(constraints with lower or upper bounds). If all of the constraints are linear 
functions of the adjustable cells, you can turn on the Assume Linear Model 
check box in the Solver Options dialog box to find a quick solution. 


Cell to Be Maximized or Minimized and No Constraints This type of problem 
is often called an unconstrained optimization problem and makes sense only 
if the optimum cell is a nonlinear function of the adjustable cells. Solver will 
solve for the critical point along the function's curvature where the optimum 
cell reaches a maximum or minimum. 
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Cell to Be Maximized or Minimized and Constraints = The most general and 
perhaps most common type of problem involves both constraints and a cell to 
be maximized or minimized—a constrained optimizatian problem, If the 
Opti celinnd allot the constiaiaie ate Ties fine tion ot the ad jitibte 
cells, you have a diner optimization ov linear programming problem and you 
can solve it faster by turning on the Assume Linear Model check box in the 
Solver Options dialog box. Otherwise, it's a nonlinear programming 
problem. 


Tips 


Saving Time on Linear Problems _ If you know the problem you are trying to 
solve is a linear programming problem or a linear system of equations, you 
can greatly speed up the solution process by turning on the Assume Linear 
Model check box in the Solver Options dialog box. 


Starting from Different Initlal Solutions — Because Solver uses numerical 
methods to find a solution to your model, the ultimate solution can depend on 
the initial values you supply for the adjustable cells. Setting the adjustable 
cells to values that you suspect are close to optimal can often reduce the 
solution time. Also, if the Solver finds a solution that is very different from 


what you expected, try rerunning the Solver with different starting values for 
the adjustable cells. 


Viewing Intermediate Solutions Normally, the iterative solution process 
continues at full speed until one of the possible stopping conditions is 
encountered, and the appropriate Solver completion message appears. 
However, if you want to view the results as Solver works, you can turn on 
the Show Iteration Results check box in the Solver Options dialog box. 
Solver will pause periodically and display a dialog box allowing you to 
continue or to stop. 


Each time Solver stops, you can examine the current worksheet values—the 
trial solution—and decide whether you want to continue the solution process 
or to stop. If you stop, you can keep the current solution or restore the origi- 
nal values of the adjustable cells. You may want to move the dialog box out 
of the way to examine the worksheet. 


If you want Solver to continue improving the solution values found so far, 
choose OK. If you choose Cancel, the solution process stops. 


Troubleshooting 
What to Do When Solver Stops Before a Solution |s Found §=While solving a 


problem, Solver may stop before an optimal solution or even a feasible 
solution has been found. This may happen for a number of reasons: you 
interrupted the solution process; you chose the Cancel button while stepping 


ee 








Chapter 


3 Using Microsoft Excel Solver | 19 | 


Poets 


Mis 





through iterations; the maximum number of iterations has been reached: or 
the optimum cell value is increasing without limit. Solver may also stop for 
other reasons described later in this chapter. In any case, a dialog box with 
one of the Solver completion messages will appear, and youll have the 
Choteecat keeping the fitent valien ot the ie pimtible celhe ar restoring thett 
former contents, 


Microsoft Excel Solver Completion Messages 


When Solver stops, the worksheet displays the results of the last calculation, 
using the adjustable cell values that are closest to the solution you want. A 
dialog box appears with a message indicating the condition that caused the 
solution process to stop. 


Successful Completion Messages 


When Solver finds a valid solution, it displays a dialog box containing the 
completion message, along with options to keep the new data or return to the 
original data and create summary reports about the solution process. 


miu Keeping the solution 


1 In the message box, select the Keep Solver Solution option. 
? If you want to see reports about the solution process, select the reports 
you want in the Reports box. 


3 Choose OK. 


mut Restoring the original data 
1 In the message box, select the Restore Original Values option. 


2 If you want to see reports about the solution process, select the reports 
you want in the Reports box. 


3 Choose OK. 


For more information on Solver reports, see “Generating a Report of Results 
or Alternate Solutions,” later in this chapter. 


Solver found a solution. All constraints and optimality conditions are satisfied. 
All constraints are satisfied to within the Precision setting, and if appropriate, 
a maximum or minimum value has been found for the cell in the Set Cell 
box. 


Solver has converged to the current solution. All constraints are satisfied. 
The value in the cell named in the Set Cell box (or if the solution is infeas- 
ible, the sum of the constraint violations) is virtually unchanged for the 
last five trial solutions. A solution may have been found, but it is also 
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possible that the iterative solution process is making very slow progress fur 
froma solution, or that the Precision setting (set with the Precision box in the 
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Unsuccessful Completion Messages 


The dialog box that appears for the unsuccessful completion messages 
displays the message and includes OK and Cancel buttons. Choose OK to 
save the final adjustable cell values; choose Cancel to restore their previous 
contents. 


If you choose the Solve button again after saving the final adjustable cell 
values, the new beginning values are those you saved. If you choose Solve 
after restoring the previous cell contents, the initial values for the solution 
process are the same values as before. 


Solver cannot improve the current solution. All constraints are satisfied. 
Although a successful solution has not been found, the iterative solution 
process cannot find a better set of adjustable cell values than the values being 
displayed. An approximate solution has been found, but either further accur- 
acy is unachievable or the Precision setting (set with the Precision box in the 
Solver Options dialog box) is too low. To increase the precision, change the 
Precision setting to a smaller number and run the problem again. 


Solver could not find a feasible solution. Solver was unable to find a trial 
solution that satisfies all the constraints to within the Precision setting. It is 
likely that the constraints are inconsistent. Examine the worksheet for a 
possible mistake in the constraint formulas or the choice of constraints. 


Solver encountered an error value in a target or constraint cell. One or more 
of the formulas in the constraint cells or cell named in the Set Cell box 
yielded an error value on the latest calculation. Solver cannot find new trial 
points under these conditions. Find the cell containing the error and modify 
its formula to yield an appropriate numeric value. 


Solver stopped at user's request. You interrupted the solution process or 
chose Cancel in the dialog box when the Show Iteration Results check box 
was tumed on. 


The linearity condition Is not satisfied. Turn off the Assume Linear Model check 
box and then run Solver again. You tured on the Assume Linear Model 
check box in the Options Solver dialog box and Solver computed its trial 
points using linear extrapolation to arrive at the solution shown, but the final 
worksheet recalculation yields values for the constraints or the cell in the Set 
Cell box that don’t agree with the linear model. This means that the solution 





is not valid for the actual worksheet formulas. Turn off the Assume Linear 
Madel check box and run the problem again. 


The maximum time or iteration limit waa reaohed, ‘Vive maximum amount of 
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(set with the Max ‘Time and Iterations boxes In the Solver Options dialog 
box) has been reached without finding a satisfactory solution. Increasing the 
maximum number of iterations may help, but you should examine the final 
values for insights into the problem. To save future recalculation time, you 
may want to choose OK to save the adjustable cell values found so far. 


The values do not converge. The value in the cell named in the Set Cell 
box is increasing (or decreasing) without bound, even though all of the con- 
straints are satisfied. The current worksheet values probably indicate how 
the solution is diverging. You may have omitted one or more constraints in 
setting up the problem. In certain scientific applications, this message may 
appear for functions that have finite asymptotes. Check the constraints and 
run the problem again. 


Generating a Report of Results and Alternate Solutions 


Microsoft Excel Solver can create two types of reports—the Answer report 
and the | imit report—that summarize the results of the successful solution 
process. 


sin Creating a report 


1 In the successful completion message dialog box, select to keep the data 
or restore the original data. 


2 To create an Answer report, select Answer in the Reports box. 
To create a Limit report, select Limit in the Reports box. 
You can select both by holding down SHIFT. 

3 Choose OK. 


The Answer report lists the cell named in the Set Cell box and the adjustable 
cells, with their original and final values. It also shows the constraints and 
information about the constraints. 
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Inthe information about the constraints are two columns, Status and Slack, 
that tell you how well cach constraint is met, There are three possibilities tor 
Stati: Winding, Not Winding, and Not Satinfied. Binding means that the 
Vinal cell value equals the constraint value. Vor example, ifthe constraint is 
eu JOO Eth stati ty Hint, the Git eell vali ia 0 Not Hine 
HO eay Th The Coma tetit i med, bit does etequal the constant valine 
HeCTT contains 490 and the constraint is CHT ¢= 400, the statua would be 
Not Binding. Not Satisfied means that the constraint was not met. 


Slack tells you the difference between the value in the cell and the con- 
straint. For example, if the constraint is C11 <= 400 and C11 contains 350, 
the slack would be 50. When the Status is Binding, Slack is zero. 
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The Limit report lists the cell named in the Set Cell box, and the adjustable 

cells, with their values, lower and upper limits, and target results. The lower 
limit is the smallest value that the adjustable cell can take while holding all 

the other adjustable cells fixed and still satisfying the constraints. The upper 
limit is the greatest such value. The Target Result is the value of the cell in 
the Set Cell box when the adjustable cell is at its lower or upper limit. 
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Controlling the Solution Process 


When you choose the Options button in the Formula Solver dialog box, the 
Solver Options dialog box replaces the Formula Solver dialog box. You use 
this dialog box to control advanced features of the solution process and to 
load or save the specifications (such as cell selections and constraints) for a 
particular problem on the worksheet. 


Control the solution process, such as 
solution time, iterations, and precision 


Max Jime [100 | snconds 
a 
Precision or 
CD Assume Linear Mode! Choad mode] 


1 Show Iteration Resuits 





Control the method used by Solver 


Each of the options in this dialog box has a default setting appropriate for 
most problems, so you can accept the default for most of them except in 
special situations. 


The Solver Options dialog box settings are independent of the problem 
specifications in the Formula Solver dialog box. They are not saved with the 
worksheet or when you save a problem with the Save Model button. They are 
reset when you choose the Reset button in the Formula Solver dialog box. 
However, they stay in effect when you load a new model or switch to a 
model on another worksheet. 


Setting the Solution Time and Number of Iterations 


Problem solution time depends on the number of adjustable cells, the size 
and complexity of the worksheet (which must be recalculated many times), 
and the intrinsic difficulty of the problem. You can use the Max Time box, 
the Iterations box, or both to limit the time taken by the solution process. 


The effect of the Max Time option depends on the speed of your computer, 
the presence of any concurrent activity (such as background printing), and 
any time delays introduced when you turn on the Show Iteration Results 
check box to examine the intermediate results. The Iterations option doesn’t 
depend on any of these factors. However, because of the nature of the solu- 
tion process, the time taken by each iteration can vary considerably even 
during the solution of a single problem. 
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You set the maximum time limit in the Max Time box, and the maximum 
number of iterations in the Iterations box. The value for each must be a 
positive integer. The default value of 100 for each option is adequate for 
most small problems; only a very exceptional problem would require more 
than, say, 1,000 iterations. 


nit Setting the time and iterations 
1 Choose Formula Solver. 
2 Choose the Options button. 


3 In the Max Time box, type the time in seconds that Solver cannot exceed 
when solving a problem. 


4 In the Iterations box, type the maximum number of iterations you want 
Solver to make. 


5 Choose OK. 


If the maximum time limit or maximum number of iterations is reached, 
Solver stops and the Solver completion message appears saying that the 
maximum time or iteration limit has been reached. The best values found so 
far appear in the adjustable cells and the worksheet is calculated with these 
values. If you choose OK in response to the Solver completion message, 
these values will be saved, and you can choose the Solve button to start again 
with these values. Although the best values are saved, other information built 
up about the problem during the solution process is discarded, so it may take 
somewhat longer to stop and restart the solution process than to let it run to 
completion. 


Setting the Precision of Constraints 


You control the precision of the answers Solver finds with the Precision box 
in the Solver Options dialog box. The tolerance you enter in the Precision 
box is used to determine whether a constraint cell value meets a target or 
satisfies a lower or upper bound you've specified. The value you enter must 
be a fractional number between 0 and 1. 


In general, the higher the precision you specify, the more time it will take 

to reach feasible or optimal solutions to this precision, Because the methods 
used by Solver are able to improve the precision rapidly once a trial value is 
close to the solution, however, the default Precision setting is 0.000001, or 
one part in a million. A lower precision is entered with fewer decimal places, 
for example 0.0001. 
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mim Setting the precision 

1 Choose Formula Solver. 

2 Choose the Options button. 

3 Inthe Precision box, type the precision you want. 
4 Choose OK. 


Stepping Through Iterations 


If you want Solver to pause at each trial solution so that you can examine 
the intermediate worksheet values, turn on the Show Iteration Results check 
box. If you leave this box turned off, Solver proceeds at full speed until it 
encounters a solution or some other stopping condition. In either case, you 
can always interrupt the solution process by pressing ESC in Microsoft 
Excel for Windows or OS/2, or COMMAND+PERIOD in Microsoft Excel for 
the Macintosh. 


aust Showing the iterations 

1 Choose Formula Solver. 

2 Choose the Options button. 

3 Turn on the Show Iteration Results check box. 
4 Choose OK. 


Typically, not all of the intermediate worksheet values calculated by Solver 
will be of interest to you. To strike an effective balance between worksheet 
display and total solution time, Solver does not step through every single 
worksheet recalculation, or even every iteration (one-dimensional search) as 
controlled by the Iterations option. Usually, each trial solution will reflect a 
significant change in one or more adjustable cell values and in the best 
optimum cell value found so far. 


Changing the Method Used by Microsoft Excel Solver 


The boxes at the bottom of the Solver Options dialog box allow you to 
choose between certain alternative technical approaches used by Solver at 
various points in the solution process. The default settings for these options 
are suitable for nearly all problems. Use of these options is primarily for 
those experienced in mathematical programming methods; however, if 
you're having difficulty reaching the optimal solution you want, you can 
experiment with these options in an effort to obtain better results. 


The Estimates options let you select the approach used to obtain initial es- 
timates of the basic variables in each one-dimensional search. The Tangent 
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option uses linear extrapolation from a tangent vector. The Quadratic option 
uses quadratic extrapolation; this may improve results on highly nonlinear 
problems. 


The Derivatives options let you select forward differencing or central dif- 
ferencing for estimates of partial derivatives. Central differencing requires 
more worksheet recalculations, but may help on problems when you get a 
message saying that Solver could not improve the solution. 


The Search options let you choose between a quasi-Newton method and a 
conjugate gradient method for computing the search direction. The quasi- 
Newton method requires less work, but the conjugate gradient method is 
worth trying if stepping through the iterations reveals slow progress between 
successive trial points. 


More About Controlling the Solution Process 


Guidelines 


Number of Iterations The number of iterations is not identical to either 

the number of worksheet recalculations required to solve a problem or the 
number of trial solutions that you can display with the Show Iteration Results 
check box. Typically, the number of iterations required for a given problem 
is smaller than the number of recalculations and larger than the number of 
trial solutions required. If you are using the Assume Linear Model option, 
however, the number of worksheet recalculations is greatly reduced and will 
usually be smaller than the number of iterations. In all cases, the Iterations 
option provides an effective way to control the maximum iterations made 
before the solution process stops. 


Time Required for Calculations The amount of time required for each 
iteration depends on the size and complexity of your worksheet and any 
linked worksheets, and the number of adjustable cells and constraints. 


et, Tips 


Changing Precision to Save Time If a problem takes too much time to solve 
with the default precision, you can set the precision lower for your initial 
problem-solving attempts, and then set it higher to obtain your final answers. 


Saving Time on Linear Problems If you know the problem you are trying to 
solve is a linear programming problem or a linear system of equations and 
inequalities, you can greatly speed up the solution process by turning on the 
Assume Linear Model check box in the Solver Options dialog box. 
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This is particularly important if your worksheet is large and takes a long time 
to recalculate With the standard solution method, all or portions of your 
worksheet may be recalculated scores or even hundreds of times during the 
solution process. When you turn on the Assume Linear Model check box, 
Solver skips all but the first few recalculations and instead relies on linear 
extrapolation to calculate each new trial point, speeding up the solution 
prterncenn fry Fee 2 tee TOP Chinen 


Saving and Loading a Problem 


The optimum cell, adjustable cells, and constraints you most recently 
specified are automatically attached to the active worksheet, so they are 
saved with the worksheet when you choose the File Save command. If you 
have several open worksheets, each has its own problem specifications for 
Solver; when you choose Formula Solver, the problem for the active work- 
sheet is displayed. 


You may, however, want to define several Solver problems for the same 
worksheet, each problem involving a different combination of cells. The 
Save Model and Load Model buttons in the Solver Options dialog box 
provide a convenient way to save the specifications (cell selections and 
bounds) for several different problems in areas you select on the worksheet. 


miu Saving a problem 


1 In the Formula Solver dialog box, define the problem you want to save 
and choose OK. 


2 Select a range of cells large enough to hold all the problem specifications. 
Select as many cells as there are constraints, plus two more cells for the 
adjustable cell and cell in the Set Cell box. If your range is too large, the 
extra cells are ignored; if it’s too small, a message appears. 


3 Choose Formula Solver. 
4 Choose the Options button. 
5 Choose the Save Model button. 


When you save a model, you see the range you selected on the worksheet 
filled with logical formulas containing the problem specification. 


miu Loading a problem 


If the Formula Solver dialog box contains any selections when you choose 
the Load Model button, you are warned that the existing selections will be 
cleared. If you don’t want the existing selections cleared, save the active 


worksheet or save the problem just before you choose the Load Model 
button. 
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1 Select the range of cells containing the problem specifications. These are 
the cells you selected when you saved the problem with the Save Model 
button. If Solver encounters an invalid formula ina cell when loading a 
problem from the area you selected, an error message appears, 


2? Choose Formula Solver. 
1 Choone the Options button 
1 Chomne the Toad Model button 


When you toatl a nieded, the new probilenn ope ication are cieplayedt ie the 
bormula Solver dialog box, 


More About Saving and Loading a Problem 
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°“ Guidelines 


How Problems Are Saved = The Load Model and Save Model functions store 
the problem specifications (cell selections and constraints) using Microsoft 
Excel formulas. The first cell in the range you select contains a formula for 
the cell in the Set Cell box, for example, =MAX($A$3) or =MIN($B$5). If 
you selected the Value Of option, a formula such as =$A$3=100 appears in 
the first cell. If no cell is specified in the Set Cell box, the first cell in the 
range is empty. 


The second cell in the range contains a formula that includes the adjust- 
able cells. For example, the second cell might contain the formula 
=COUNT($H$7:$H$1 1). The COUNT function has no special significance; 
its argument just contains the By Changing Cells range. When Solver loads 
the model, it uses only the reference $H$7:$H$1 1. 


Subsequent cells in the range contain logical formulas for the constraints. 
Each formula consists of an equal sign (=), the cell reference (left side), the 
relationship (=, <=, or >=), and the right side. For example, a constraint cell 
might contain the formula =$H$7>=0 or =$C$10<=2*$B$10. 


Although the logical formulas for the problem specifications are usually 
created by the Save Model function, you can create a valid set of logical 
formulas by hand or with a macro, and then load them into Solver with the 
Load Model function. Problem specifications created in this way could be the 
result of an interactive macro that queried the user in application-specific 
terms to determine the problem to be solved. 
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Restoring the Original Settings 


The Heset button inthe Pormute Solver ittag bear ia aned te reaet the Salyer 
PTD or ter Hato nel epiteinie tect a ne parabens Wilien yeti n bnros: Macs 
WIE COTE Se LeOC Hots and Constiiiiis are cleared. Phe setings ithe Solver 
Options dialog box are reset to their default values. This means that the 
Assume Linear Model and Show Iteration Results check boxes are turned 
off. Any special precision setting, time limit, or iteration limit you used is 
also reset. 


A worksheet problem is also reset when you choose the Load Model button 
in the Solver Options dialog box. If something goes wrong while loading the 
new model, the former cell selections and options are lost. It’s a good idea to 
save the worksheet using the File Save command or save the model using the 
Save Model button in the Solver Options dialog box just before choosing the 
Load Model button. Solver prompts you for confirmation whenever you 
choose the Reset button or when you choose the Load Model button. If you 
change your mind, choose the Cancel button, and the cell selections and 
options remain unchanged. 
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Using macros, you can create custom Solver applications with a user inter 
face of your own design, or find feasible or optimal solutions for a variety of 
different scenarios automatically. You can create tables and charts to show 
how solutions change as a constraint is adjusted, or how one adjustable cell is 
related to another. You can even have Solver call your macros during the 
recalculation process. 


To make effective use of this chapter, you should have some experience 
writing macros in the Microsoft Excel macro language. You need not have 
mastered all the features of the macro language, but you should know how to 
create and use custom functions that accept arguments and return results, and 
how to implement the operations and conditional tests you need for your 
application. You should also understand how to write references to cells on 
the active worksheet versus the macro sheet. This chapter focuses only on 
the command-equivalent macro functions you use to control Solver. For 
information on custom functions, see Chapter 17, “Creating and Using 
Custom Worksheet Functions,” in the Microsoft Excel User's Guide. For 
information on command macros, see Chapter 18, “Automating Tasks with 
Command Macros”; Chapter 19, “Designing and Writing a Command 
Macro”, and Chapter 20, “Creating a Custom Application” in the Microsoft 
Excel User's Guide. 


Command-Equivalent Functions 


Microsoft Excel Solver provides command-equivalent macro functions 
corresponding to the options in the Formula Solver dialog boxes described 
in Chapter 3, For example, the SOLVER.OK macro function accomplishes 
the same thing as changing values in the Formula Solver dialog box and 
then choosing the OK button. You use a combination of these command- 
equivalent functions to solve a problem, just as you would with the dialog 
boxes. For example, you might call SOLVER.LOAD to load a problem 
definition from a worksheet range, call SOLVER.OPTIONS to set the 
iteration limit or precision, and then call SOLVER.SOLVE to start Solver 
and solve the problem. 
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Arguments and Return Values 


The Microsoft Excel Solver macro functions expect arguments of a specific 
type, such as a number, a TRUE/FALSE value, or a cell reference. You must 
match these types when you call the macro function or it will return the #N/A 
error value. You must also ensure that certain arguments fall within their val- 
id ranges. For example, the precision argument to the SOLVER.OPTIONS 
function must be a number between 0 and |. If it isn't, the macro function 
will return a non-zero integer value that tells you the position (starting 

from 1) of the invalid argument. Each of the command-equivalent functions 
returns the value zero to signal that it completed successfully; your macros 
should test each function for a zero result before proceeding. 


Cell references passed as arguments to the Solver macro functions will 
normally refer to the active worksheet, not the macro sheet where your 
macros are executing. A typical cell reference argument would be !$A$1 
or Sheet 1!$B$1:$B$2 to refer to the active worksheet. 


Formula Solver Dialog Box 


SOLVER.OK {setcell,maxminval,valueof, bychanging) 


You use SOLVER.OK to specify options in the Formula Solver dialog box. 


The arguments correspond to the Set Cell and By Changing Cells options in 
this dialog box. 


Setcell is optional and must be a cell reference on the active worksheet (not 
on the macro sheet). It is the cell entered in the Set Cell box. If you enter a 
cell, you must enter a value for maxminval. If you do not want to enter a cell, 
you must include three commas before the bychanging value. 


Maxminval corresponds to the options Max, Min, and Value Of, and must be 
| to maximize, 2 to minimize, or 3 to cause the cell to match a specific value. 
Use this option only if you entered a value for setcell. 


Valueof must be a number and becomes the target for the cell in the Set 
Cell box if maxminval is 3. It is ignored if the cell is being maximized or 
minimized. 

Bychanging must be a cell reference (usually a range or multiple-cell 


reference), again on the active sheet. It indicates the adjustable cells, as 
entered in the By Changing Cells box. 


NOTE 
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SOLVER.SOLVE (usertinish, showret) 


This function is equivalent to choosing the Solve button in the Formula 
Solver dialog box. If a problem has not been completely defined, the function 
returns #N/A. Otherwise, the Solver application is started if necessary and 
the problem specifications are passed to it. When the solution process is 
complete, SOLVER.SOLVE returns an integer value indicating the condi- 
tion that caused Solver to stop, as shown in the following table: 


< 
s 
$ 


Stopping condition 

Solver found a solution. 

Solver has converged to the current solution. 

Solver cannot improve the current solution. 

The maximum time or iteration limit has been reached. 
The values do not converge. 

Solver could not find a feasible solution. 

Solver stopped at user's request. 

The linearity condition is not satisfied. 

Solver encountered an error value. 


S2nnunek WN + OC 


The execution of your macro will be suspended when it reaches 
SOLVER.SOLVE for as long as required until the solution process is 
complete. When control returns to your next macro statement, the effect is 
the same as if you had used the Macro Run command to restart your macro at 
that statement. 


Because SOLVER.SOLVE returns Excel to Ready mode before resuming 
your menu, you should not call SOLVER.SOLVE from a subroutine. If you do, 
SOLVER.SOLVE will return control to your macro, but your subroutine macro 
will not return control to its caller. 


Userfinish _ is optional. If it is FALSE or omitted, Solver displays the 
standard Finish dialog box, which allows you to keep or discard the final 
solution and run reports. If userfinish is TRUE, SOLVER.SOLVE returns its 
integer value without displaying anything. Your macro should decide what 
action to take (perhaps by examining the return value, or presenting its own 
dialog box); it must call SOLVER.FINISH in any case to restore the 
worksheet to its proper state. 
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Showref is optional and is a macro to be called in place of the Show 
eration Results message. It is used when you want to regain control 
whenever Solver finds a new intermediate solution value. For this argument 
fe Tee e ther tthe Stew Teration Reailta heck Bere rinut he tineed) on be 
the Solver Options dittop box. Phi can be done manually by tarntig on the 
check box, or automatically in your macro by calling SOLVER.OPTIONS. 
The macro you call can inspect the current solution values on the worksheet, 
or take other actions such as saving or charting the intermediate values. It 
must return the value TRUE with a statement such as =RETURN(TRUE) if 
the solution process is to continue, or FALSE if the solution process should 
stop at this point. 


SOLVER.RESET() 


This function is equivalent to choosing the Reset button in the Formula Sol- 
ver dialog box. It erases all cell selections and constraints from the Formula 
Solver dialog box, and restores all the settings in the Solver Options dialog 
box to their defaults. The SOLVER.RESET function is performed automati- 
cally when you call SOLVER.LOAD. 


SOLVER.FINISH (keepfinal,reportarray) 
SOLVER.FINISH? (keepfinal,reportarray) 


This macro must be called if you supplied the value TRUE for the userfinish 
argument of SOLVER.SOLVE. It is equivalent to the Finish dialog box that 
appears when the solution process is complete. The ? form displays the 
dialog box with the arguments you supply as defaults. 


Keepfinal _ is optional. If it is | or omitted, the final solution values are kept 
in the adjustable cells. If it is 2, the final solution values are discarded and 
the former valves of the adjustable cells are restored. 


Reportarray __ is optional. If supplied, it must be an array argument. To 
create the Answer report, use {1}; to create a Limit report, use {2}. To create 
both, use {1,2}. 


Constraints 


The SOLVER.ADD, SOLVER.CHANGE and SOLVER.DELETE functions 
correspond to the Add, Change, and Delete buttons in the Formula Solver 
dialog box. You use these functions to define constraints. For many macro 
applications, however, you may find it more convenient to load the problem 
specifications from the worksheet in a single step using the SOLVER.LOAD 
function, as described later in this chapter. 
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Each constraint is uniquely identified by the combination of the Cell Ref- 
erence on the left and the relationship (<=, = or >=) between its left and right 
sides. This is used to identify the constraint you want to manipulate with 
SOLVER CTIANGE on SOP VERDE ETT Titakes the plice of gelec ting 
the appropriate Comstritot ta the Pornihie Sotwer dialog bas 


SOLVER.ADD (cellref relation, formula) 


This function is used to add a constraint to the current problem, If the 
combination of cellref and relation matches any existing constraint, the 
function returns the value 4 and no action is taken. 


Cellref must be a reference to a cell or range of cells on the active 
worksheet. It forms the left side of the constraint. 


Relation must be | for <=, 2 for =, or 3 for >=. It serves as the arithmetic 
relationship between the left and right sides. 


Formula will often be a single number, but it may be a formula (as text) or a 
reference to a range of cells (as text). In the last case, the number of cells in 
the range must match the number of cells in cellref, although the shape of the 
areas need not be the same. For example, cel/ref could be a row and formula 
could refer to a column, as long as the number of cells is the same. 


SOLVER.CHANGE (cellret,relation,formula) 


This function is used to change the right side of an existing constraint. If the 
combination of cellref and relation does not match any existing constraint, 
the function returns the value 4 and no action is taken. To change the cel/ref 
or the relation of an existing constraint, use SOLVER.DELETE to delete the 
old constraint and then use SOLVER.ADD to add the constraint in the form 
you want. 


The cellref, relation, and formula arguments have the same meaning as the 
corresponding arguments of SOLVER.ADD. 


SOLVER.DELETE (cellret,relation, formula) 


This function is used to delete an existing constraint. If the combination of 
cellref and relation does not match any existing constraint, the function 
returns the value 4 and no action is taken. If the constraint is found, it is 
deleted and the function returns a zero. The formula argument is not used. 





Solver Options Dialog Box 


SOLVER.OPTIONS (maxtime, iterations, precision,assumelinear,stepthru, 
estimates, derivatives,search) 


You use SOLVER.OPTIONS to specify options in the Solver Options dialog 
box. The arguments correspond to the options in the dialog box. If any of the 
arguments are the wrong type, the function returns #N/A. If an argument has 
the correct type but an invalid value, the function returns a positive integer 
corresponding to its position. A zero indicates all options were accepted. 


Maxtime must be a number greater than zero. It corresponds to the Max 
Time box. 


Herations — must be an integer greater than zero. It corresponds to the 
lterations box. 


Precision must be a number between zero and one, but not equal to zero or 
one. It corresponds to the Precision box. 


Assumelinear must be either TRUE or FALSE. TRUE corresponds to 
turning on the Assume Linear Model check box and allows Solver to skip 
worksheet recalculations and arrive at a solution more quickly. 


Stepthru must be either TRUE or FALSE. TRUE corresponds to turning 
on the Show Iteration Results check box and causes Solver to pause at each 
trial solution. If you have supplied SOLVER.SOLVE with a valid command 
macro reference, your macro will be called each time Solver pauses. 


Estimates must be either | or 2. It corresponds to the Estimates options: 
| for the Tangent option and 2 for the Quadratic option. 


Derivatives must be either | or 2. It corresponds to the Derivatives options: 
| for the Forward option and 2 for the Central option. 


Search must be either | or 2. It corresponds to the Search options: | for the 
Quasi-Newton option and 2 for the Conjugate option. 


SOLVER.LOAD (loadarea) 


This function corresponds to the Load Model button in the Solver Options 
dialog box. 


Loadarea = must be a multiple-cell reference on the active worksheet that 
contains a complete problem specification. The first cell in loadarea contains 
a formula for tie Set Cell box; the second cell contains a formula for the 
adjustable cells; subsequent cells contain constraints in the form of logical 
formulas. Although /oadarea must be on the active worksheet, it need not be 
the current selection. 


Ce 
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SOLVER.SAVE (savearea) 


This function corresponds to the Save Model button in the Solver Options 
dialog box. 


Savearea must be a multiple-cell reference on the active worksheet large 
enough to contain the current problem specification. If the area is too small, 
the last constraints (in alphabetic order by cell reference) will be omitted and 
the function will return a nonzero value. As in SOLVER.LOAD, savearea 
must be on the active worksheet, but it need not be the current selection. 


This section includes two examples of using macros with Solver. The first 
example is a simple macro that you enter to solve a goal-seeking problem. In 
the second example, you run a macro included with your sample files. This 
macro illustrates several of the techniques you can use to run Solver 
automatically. 


Macro for a Goal-Seeking Problem 
The following example shows a simple macro that activates Solver and 
solves a goal-seeking problem using the worksheet from Chapter 2. This 
macro specifies that cell BS (QI Sales) should be set to a value of 280000 
by varying cell B10 (QI Advertising). 
miu Solving a Goal-Seeking Problem 
To try the macro: 
1 In Microsoft Excel for Windows or OS/2, open SAMPLE.XLS. 
In Microsoft Excel for the Macintosh, open Sample. 
2 Choose File New. 
Select Macro Sheet to create a blank macro sheet and choose OK. 
Type the following three lines in cells Al through A3: 
=SOLVER.OK(!$B$5,3,280000,!$B$10) 
=SOLVER.SOLVE() 
=RETURN() 
5 In Microsoft Excel for Windows or OS/2, activate SAMPLE.XLS. 
In Microsoft Excel for the Macintosh, activate Sample. 
6 Choose Macro Run. 


¢ 
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7 In Microsoft Excel for Windows or OS/2, type macrol!al 

In Microsoft Excel for the Macintosh, type macrol!al 
8 Choose OK to run the macro. 
To change this macro to find the level of QI advertising that maximizes Q| 
profits, switch to the Macrol window and edit the first line (in Al) to read: 
=SOLVER.OK(!$B$14,1,0,!$B$10) 
Then run the macro again. 


Advanced Macro Features 


The Microsoft Excel macro language provides macro commands to create 
loops and subroutines, index through a range of cells on the worksheet, 
create custom menus and dialog boxes, and perform other operations. This 
section describes a more elaborate example using some of these features. 
The example illustrates how your macros can interact with Solver, optimize 
several scenarios automatically, and create tables and charts of the results. 
As you recall, the Sample worksheet is a marketing plan and budget for a 
product whose sales are seasonal across the four quarters of the year. In 
Chapter 2, you used Solver to find optimal quarterly advertising budgets for 
several scenarios. In this section, you'll use macros supplied with Solver to 


build a table and chart of the results of optimizing budget levels ranging from 
$40,000 to $100,000. 


mus Optimizing Budget Scenarios 
To try this example: 


1 In Microsoft Excel for Windows or OS/2, open the worksheet 
SAMPLE.XLS, the macro sheet SAMPLE.XLM, and the chart 
SAMPLE.XLC in the SOLVER.EX directory. 


In Microsoft Excel for the Macintosh, open the worksheet Sample, the 


macro sheet Sample macro, and the Sample chart in the Solver Examples 
folder. 


2. Position the worksheet and chart so that you can see at least portions of 
both documents. 


3 In Microsoft Excel for Windows or OS/2, activate SAMPLE.XLS. 
In Microsoft Excel for the Macintosh, activate Sample. 
4 Choose Macro Run. 
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5 In Microsoft Excel for Windows or OS/2, select 
SAMPLE.XLM! Budgets. 


In Microsoft Excel for the Macintosh, select Sample macro! Budgets. 
6 Choose OK. 


Solver starts and optimizes the first scenario, which involves an annual 
budget of $40,000. Instead of displaying a message that Solver found a 
solution, however, the first column of the table at the bottom of the work- 
sheet fills with numbers (the advertising amounts for Q1 through Q4 

in the first scenario). These numbers are reflected in the chart. Then Solver 
starts again, optimizing a new scenario with an annual budget of $55,000. 
This continues through five scenarios, until the table is filled. When the 
activity stops, you can save or print the results. 


To understand how these macros work, activate the macro sheet. A table area 
is defined on the Sample worksheet in cells A21 through F25. This area 
forms the data series for the columnar chart. The name BudgetTab is defined 
on the worksheet to include cells B21:F25. 


The macro Budgets is defined on the macro sheet. It starts by calling 
SOLVER.RESET to erase any previous cell selections and reset the Solver 
Options dialog box. Then it calls SOLVER.OK to enter cell F14 (total profit 
for the year, to be maximized) in the Set Cell box, select the Max option, and 
enter the adjustable cells B10:E10 (the four quarterly advertising amounts). 
It also calls SOLVER.ADD to add a constraint specifying that all four ad- 
justable cells should be greater than or equal to zero. These selections remain 
unchanged throughout the budget scenarios. 


The problem involves one additional constraint, an upper limit on the annual 
advertising budget. The Budgets macro calls SOLVER.ADD to add this 
constraint on cell F10, with an initial limit of 40000. Then the cell named 
Count is initialized to 1 and Solver begins a loop that runs five scenarios, 
each using a different upper limit on the total advertising budget. 


Each time through the loop, the macro calls SOLVER.SOLVE to optimize 
the current scenario. Because the first argument of SOLVER.SOLVE is 
TRUE, the Finish dialog box is not displayed. Instead, SOLVER.SOLVE 
returs with the final values in the adjustable cells. The Budgets macro then 
uses the FORMULA function to transfer the solution values from the ad- 
justable cells to the appropriate column of the table BudgetTab (indexed by 
the variable Count). Then it calls SOLVER.FINISH with an argument 

of 2 to discard the solution values from the current scenario. If all five 
scenarios have been run, the Budgets macro returns; otherwise it calls 
SOLVER.CHANGE to change the constraint on cell F10 (the total ad- 
vertising budget) to a new value from the top row of the table. 
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This macro illustrates several techniques you can use to run Solver auto- 
matically. Many other approaches are possible. For example, you might 
design a macro that would decide on the basis of the solution values whether 
to accept the answers or to alter a constraint and run Solver again. You can 
also use the second argument of SOLVER.SOLVE to call a macro that 
examines the intermediate results produced by Solver and decides whether 
to continue or stop the solution process. 


Another group of macro commands allows you to add new menu bars or 
commands, and display custom dialog boxes and messages like the ones 
used by Solver and Microsoft Excel. With these macro commands plus the 
functions outlined in this chapter, you can create custom Solver applications. 


Chapter 


Sample Applications 


This chapter illustrates several different applications of Microsoft Excel 
Solver in manufacturing, distribution, human resources, finance, investments, 
and engineering. There is a sample worksheet for each of these applications. 
If you find a specific example useful, you can build on it by changing or 
adding variables, constraints, or macro functions. 


mut Using the Sample Worksheets 


To open any of the sample worksheets described in this chapter and solve the 
problem described, follow these steps: 


1 Choose File Open and select the sample worksheet file named in the 
section. The files are located in the SOLVEREX directory in Microsoft 
Excel for Windows and OS/2 and in the Solver Examples folder in 
Microsoft Excel for the Macintosh. 


Choose Formula Solver. 
Choose the Solve button. 


When the completion message appears, select the Keep Solver Data 
option and choose OK. 


The Most Profitable Product Mix 


In the first sample worksheet are several products using common parts, each 
with a different profit margin per unit. Parts are limited, so your problem is 
to determine the number of each product to build from the inventory on hand 
to maximize profits. 


Sample file SOLVER1 

Set cell D18 Maximize profit 

Adjustable cells D9:F9 Units of each 
product to build 

Constraints C11:015<=B11:B15 Parts used must 
be less than parts 
in inventory 

D9:F9>=0 Number to build 


must be positive 
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NOTE 


The formulas for profit per product in cells D17:F17 include the factor ‘H15 to 
show that profit per unit diminishes with volume. H15 contains 0.9. If you 
change H15 to 1.0 to indicate that profit per unit remains constant with 
volume and choose the Solve button again, the optimal solution will change. 


The Least Costly Shipping Routes 


NOTE 


The problem on this worksheet involves the shipment of goods from three 
plants to five regional warehouses. Goods can be shipped from any plant to 
any warehouse, but it obviously costs more to ship long distances than short 
distances. The problem is to determine the amounts to ship from each plant 
to each warehouse at minimum shipping cost to meet the regional demand 
while not exceeding the plant supplies. 


This problem involves 15 variables and 8 constraints, and you'll see Solver 
cycle through about 16 trial solutions before it arrives at the optimum. 


Sample file SOLVER2 
Set cell B20 Minimize total 
shipping cost 
Adjustable cells C8:G10 Amount to ship 
from each plant to 
each warehouse 
Constraints B8:B10<=B16:B18 Total shipped must 
be less than 
supply at plant 
C12:G12>=C14:G14 Totals shipped to 
warehouses must 
be greater than 
demand at 
warehouses 
C8:G10>=0 Amount shipped 
must be positive 
Shipping costs C16:G18 


You can solve this faster by turning on the Assume Linear Model check box in 
the Solver Options dialog box. A problem of this type has an optimum where 
amounts to ship are integers, if all of the supply and demand constraints are 
integers. Because of the finite precision of computer arithmetic, Solver finds 
values that are slightly different from, but which round to, the correct integer 
values. 
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Staff Scheduling at Minimum Cost 


NOTE 


The goal in this worksheet is to schedule employees so that you have suf- 
ficient staff at the lowest cost. In this example all employees are paid at the 
same rate, so by minimizing the number of employees working each day, you 
also minimize costs. Each employee works five consecutive days followed 
by two days off. 


Sample file SOLVER3 
Set cell 020 Minimize payroll 
cost 
Adjustable cells 07:013 Employees on 
each schedule 
Constraints 
D7:013>=0 Number of 
employees must 
be positive 
F15:L15>=F17:L17 Employees 
working each day 
must be greater 
than demand 
Possible schedules Rows 7-13 1 means employee 


on that schedule 
works that day 


If your solutions result in fractional people, you can obtain a nearly optimum 
solution by rounding each adjustable cell up to the next integer. In problems 
of this type, rounding up ensures the constraints will still be met, as you can 
see by selecting each adjustable cell (D7:D13) and typing the integer value. 


Maximizing Income from Working Capital 


If you're a financial officer or manager, one of your tasks is to manage cash 
and short-term investments in a way that maximizes interest income while 
keeping funds available to meet expenditures. You must trade off the higher 
interest rates available from longer-term investments against keeping funds 
in short-term investments for flexibility in meeting cash needs. 


In each month, the worksheet calculates ending cash based on initial cash 
(from the previous month), inflows from maturing certificates of deposit 
(CDs), outflows for new CDs, and cash needed for company operations. 
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You have a total of nine decisions to make: the amounts to invest in 1-month 


CDs in months | through 6; the amounts for 3-month CDs in months | and 4; 


and the amount to invest in 6-month CDs in month 1. 


Sample file SOLVER4 
Set cell H8 Maximize interest 
earned 
Adjustable cells B14:G14 Dollars invested in 
B15, E15 each type of CD 
B16 
Constraints B14:G14>=0 Investment in each 
B15:B16>=0 type of CD cannot 
E15>=0 be negative 
B18:H18>=100000 Ending cash must 
be greater than 
$100,000 
Amount to invest B11 $400,000 
Cash use aside from Row 17 
investments 


The optimal solution determined by Solver earns total interest income of 
$16,531 by investing as much as possible in 6-month and 3-month CDs and 
then turn to |-month CDs. This solution satisfies all of the constraints. 
Suppose, however, you want to guarantee you have enough cash in month 5 
for an equipment payment. Add a constraint that the average maturity of the 
investments held in month | should not be more than four months. 


The formula in cell B20 computes a total of the amounts invested in month | 
(B14, BIS, and B16) weighted by the maturities (1, 3, and 6 months) and 
subtracts from this the total investment weighted by 4. If this quantity is zero 
or less, the average maturity will not exceed four months. To add this 
constraint, restore the original values and then choose Formula Solver. 
Choose the Add button. Type B20 in the Cell Reference box, type 0 in the 


Constraint box, and then choose OK. To solve the problem, choose the Solve 
button. 


To satisfy the 4-month maturity constraint, Solver shifts funds from 6- 
month CDs to 3-month CDs. The funds shifted now mature in month 4 and, 
according to the present plan, are reinvested in new 3-month CDs. If you 
need the funds, however, you can keep the cash instead of reinvesting. The 
$56,896 turning over in month 4 is more than sufficient for the equipment 


payment in month 5. You've traded about $460 in interest income to gain 
this flexibility. 








teen! 


Chapter 5 Sample Applications | 45 | 


Mie le 








An Efficient Portfolio of Securities 


One of the basic principles of investment management is diversification. By 
holding a portfolio of several stocks, for example, you can earn a rate of 
return that represents the average of the returns from the individual stocks 
while reducing your risk that any one stock will perform poorly. 


You can apply Solver to find the allocation of funds to stocks that minimizes 
the portfolio risk for a given rate of return, or that maximizes the rate of 
return for a given level of risk. 


This worksheet contains figures for beta (market-related risk) and residual 
variance for four stocks. In addition, your portfolio can include investments 
in Treasury bills (T-bills), assumed to have the risk-free rate of return and a 
variance of zero. Initially, equal amounts (20 percent of the portfolio) are 
invested in each security. 


Use Solver to try different allocations of funds to stocks and T-bills to either 
maximize the portfolio rate of return for a specified level of risk, or minimize 
the risk for given rate of return. With the initial allocation of 20 percent 
across the board, the portfolio return is 16.4 percent and the variance is 7.1 
percent. 


Sample file SOLVERS 
Set cell E18 Maximize portfolio 
return 
Adjustable cells E10:E14 Weight of each 
stock 
Constraints E10:E14>=0 Weights must be 
positive 
E16 =1 Weights must be 1 
G18<=0.071 Variance must be 
less than 0.071 
Beta for each stock B10:B13 


Variance for each stock C10:C13 


Cells D21:D29 contain the problem specifications to minimize risk for a 
required rate of return of 16.4 percent. Select cells D21:D29, choose Formula 
Solver, choose the Options button, and then choose the Load Model button, 
Choose the Solve button. As you can see, Solver finds portfolio allocations in 
both cases that surpass the rule of 20 percent across the board. You can earn 
a higher rate of return (17.1 percent) for the same risk, or you can reduce 
your risk without giving up any return. These two allocations both represent 
efficient portfolios. 
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Cells A21:A29 contain the original problem model. To return to it, select 
cells A21:A29 and choose the Load Model button. 


An Engineering Design Problem 


NOTE 


The worksheet depicts an electrical circuit containing a battery, switch, 
capacitor, resistor, and inductor. With the switch in the left position, the 
battery charges the capacitor. When the switch is thrown to the right, the 
capacitor discharges through the inductor and resistor, both of which 
dissipate electrical energy. 


Using Kirchhoff's second law, you can formulate and solve a differential 
equation to determine how the charge on the capacitor varies over time. The 
formula relates the charge q[+] at time t to the inductance L, resistance R, 
and capacitance C of the circuit elements. 


Use Solver to pick an appropriate value for the resistor R (given values for 
the inductor L and capacitor C) that will dissipate the charge to one percent 


of its initial value within one twentieth of a second of the time the switch is 
thrown. 


Sample file SOLVER6 

Set cell G15 Set to value of 
0.09 

Adjustable cell G12 Resistor 

Formula D15:020 Algebraic solution 


to Kirchhoff's law 


This problem and solution are appropriate for a narrow range of values; the 
function represented by the charge on the capacitor over time is actually a 
damped sine wave. 
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Microsoft Excel Solver Messages 


Active document is not a worksheet. You chose the Formula Solver com- 
mand when the active document is a macro sheet or a chart that cannot hold 
the formulas of a model or be recalculated, or is a worksheet whose contents 
are protected. Change the active document to a worksheet or tum off pro- 
tection temporarily with the Options Unprotect command and try again. 


By Changing Cells must be on the active sheet. The cell references you 
entered in the By Changing Cells box in the Formula Solver dialog box are 
not on the active worksheet. Enter cells on the active sheet, or, if the wrong 
sheet was active when you chose Formula Solver, choose the Cancel button 
in the Formula Solver dialog box, change the active document, and try again. 


Cannot communicate with Solver application. The Solver application is not 
responding to Dynamic Data Exchange (DDE) messages from the Solver 
macro. This message may follow a message indicating the Solver application 
could not be located or started: if this is the case, check to make sure Solver 
is installed. If it is not installed, install it and then try again. 


Cannot find SOLVER.XLA. The file SOLVER.XLA cannot be found. Re- 
install Solver by rerunning Setup and try again. 


Cannot find REPORT.XLA. The file REPORT.XLA cannot be found. Re- 
install Solver by rerunning Setup and try again. 


Cell named in the Cell Reference box must contain a formula. The content of 
the cell named in the Cell Reference box in the Add or Change dialog box is 
something other than a formula (perhaps a number or text). For the cell to be 
part of the problem, it must be an adjustable cell or contain a formula that 
depends, directly or indirectly, on one or more adjustable cells. Enter the 
appropriate formula in the cell named in the Cell Reference box or select a 
different cell and try again. 


Cell Reference box is empty or contents is not valid. The Cell Reference 
box in the Add or Change dialog box is empty or does not contain a cell 


reference. Select the cell you want to constrain or choose the Cancel button if 
you don't want to add a constraint. 


Constraint must be a number, reference, or a formula. The contents of the 
Constraint box in the Add or Change dialog box is something other than a 
number, reference, or a formula. Correct it and try again. 

Load Model: Adjustable Cells reference not valid. The second cell in the 
selection does not contain a valid formula referencing the adjustable cells. 


You may have started the selection with the wrong cell. Check the selection 
on the worksheet and its contents, and try again. 







Load Model: Constraint formula not valid. One of the cells in the selection 
after the first two does not contain a valid logical formula for a constraint 
such as =$B$1>=0. Check that each formula starts with an equal sign (=) and 
that the selection ends with the correct cell, and try again. 


Load Model: Set Cell formula not valid. The first cell in the selection does 
not contain a valid formula such as =>MAX($B$7). You may have started the 
selection with the wrong cell. Check the selection on the worksheet and its 
contents, and try again. 


Load/Save Model: Selection must be multiple cells. A single cell was 
selected on the worksheet when you chose the Load Model or Save Model 
button. The selection is supposed to hold the problem specifications, and a 
single cell is always insufficient. Select an appropriate range of cells—one 
for each constraint plus 2—and try again. 


Macro sent invalid problem. The information in the Set Cell, By Changing 
Cells, or Subject to the Constraints boxes is not valid. Check your macro to 
be sure the arguments in the SOLVER.OK and SOLVER.ADD statements 
are correct, and try again, 


Microsoft Excel did not respond in time. Microsoft Excel did not respond to 
a DDE message. This can be caused by another application also commun- 
icating with Microsoft Excel through DDE, or by another macro running 
concurrently. Stop the other application or macro and try again. 


Memory allocation error. Microsoft Excel couldn't allocate the memory 
needed by Solver. Close some files or applications, especially any appli- 
cations using DDE, and try again. 

No constraint to change. You chose the Change button without first 
selecting a constraint in the Subject To The Constraints box. Select the 
constraint you want to change and choose the Change button again. 


No constraint to delete. You chose the Delete button without first selecting 
a constraint in the Subject To The Constraints box. Select the constraint you 
want to delete and choose the Delete button again. 


Precision must be a small positive number. ‘The value entered in the 
Precision box in the Solver Options dialog box controls the tightness of the 
comparison of the constraint cell values to the upper or lower bound or both. 
It cannot be negative, nor can it be zero because computer arithmetic always 
involves roundoff error and is unlikely to yield a solution that satisfies all 
constraints perfectly. Change the value to a positive number and try again. 


Problem to solve not specified. You chose the Solve button without first 
specifying the problem in the Formula Solver dialog box. Either enter 
information in the Formula Solver dialog box, or choose the Load Model 
button to load an existing model, and then choose the Solve button again. 
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Reset all Solver options and cell selections? You chose the Reset button in 
the Formula Solver dialog box. Choose OK to start a new problem; choose 
Cancel if you want to retain the present settings. 

Reset previous Solver cell selections? = You chose the Load Model button 
in the Solver Options dialog box. Choose OK if you want to load a new 
problem and erase the previous cell selections; choose Cancel if you want to 
retain the current selections and save the model. 


Save Model: Selection could not hold all constraints. The selection does not 
include enough cells to hold all the constraints. The first two cells hold the 
Set Cell formula (if any) and the By Changing Cells formula. Additional 
cells hold logical formulas, one for each constraint displayed in the Subject 
To The Constraints box in the Formula Solver dialog box. Change the 
selection to include more cells and try again. 


Set Cell contents must be a formula. The cell named in the Set Cell box 

in the Formula Solver dialog box is not an adjustable cell and contains 
something other than a formula (perhaps a number or text). For the cell to 
be part of the problem, it must contain a formula that depends, directly or 
indirectly, on one or more adjustable cells. Either change the cell named in 
the Set Cell box or change the contents of the cell to contain the appropriate 
formula, and try again, 


Set Cell must be a single cell on the active sheet. You entered a multiple 
selection in the Set Cell box in the Formula Solver dialog box or entered a 
cell reference not on the active worksheet, This box must contain a single 
cell on the active sheet. Additional target cells can be added as constraints 
with the Add button, Enter a single cell on the active sheet in the Set Cell 
box and try again. If the wrong sheet was active when you chose Formula 
Solver, choose the Cancel button in the Formula Solver dialog box, change 
the active document and try again. If you must refer to a cell on a different 
sheet from the adjustable cells, create a linked reference to the cell ina 
formula on the sheet containing the adjustable cells. Then name that cell in 
the Set Cell box. 


Solver interrupted; choose Formula Solver to resume. You piessed ESC in 
Microsoft Excel for Windows or OS/2, or COMMAND+PERIOD in Microsoft 
Excel for the Macintosh, and interrupted Solver. Choose OK. If you want 
Solver to start again, choose the Formula Solver command. 


Solver: OK to continue iterations, Cancel to stop. This message appears on 
each trial solution when you have turned on the Show Iteration Results check 
box in the Solver Options dialog box. If you choose OK, Solver will 
continue; if you choose Cancel. Solver will stop and display a message 
saying it was stopped at user’s request. 

Solver to Microsoft Excel communication error. There is a problem with 
DDE. Make sure the Ignore Remote Requests check box is turned off in the 
Options Workspace dialog box and try again. 
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Too many adjustable cells. You have selected more adjustable cells than 
Solver allows. To reduce the total number of cells selected, edit the cell 
reference in the By Changing Cells box in the Formula Solver dialog box. 
Or you can clear all of the cell selections by choosing the Reset button. 


Too many constraints. You have selected more constraints than Solver 


allows. You can either clear all of the cell selections with the Reset button, or 


remove individual constraints with the Delete button, both in the Formula 
Solver dialog box. 


Solver Completion Messages 


One of the following messages will appear whenever the solution process 
ends after you choose the Solve button in the Formula Solver dialog box. For 
more information, see “Microsoft Excel Solver Completion Messages” in 
Chapter 3, “Using Microsoft Excel Solver.” 


Solver cannot improve the current solution. All constraints are satisfied. 
Solver could not find a feasible solution. 
Solver encountered an error value in a target or constraint cell. 


Solver found a solution. All constraints and optimality conditions are 
satisfied. 


Solver has converged to the current solution. All constraints are satisfied. 
Solver stopped at user's request. 


The linearity condition is not satisfied. Turn off the Assume Linear 
Model check box and then run Solver again. 


The maximum time or iteration limit was reached. 
The values do not converge. 
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A 
Add button 
adding constraints with 9, 15 
macro function equivalent for 45 
Adjustable cell 
as unknown = 8, 17 
definition of = 1.11 
constraints, relationship to 14 
location of 11, 22 
number of, factors limiting — 2, 13, 
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selecting cell references for 7, 8, 
13 

Set Cell box, relationship to — 6. 
12,13 

solution values in 2, 12, 20 

specifying 13 

upper/lower bounds for 14, 
22-23 

values, restoring original 19 


values, saving final 20 
values, setting 13. 18 

Answer report 21-22 

Assume Linear Model check box 
tuming off, reasons for 20-21, 31 
values, saving final 20 


worksheet recalculations, reducing, 
number of with = 27 


By Changing Cells box 7, 8, 13, 33, 
47 


C 

Cell 
adjustable = See Adjustable cell 
constrain’ = See Constraint cell 
maximizing value of 


selecting cell reference for 2. 
7.8, 19,12 


selecting Max option for 7, 8, 


12 


solving for by changing another 
value,example of 6-7 


Cell (continued) 


maximizing value of (continued) 


solving for by changing several 
values, example of = & 


minimizing value of 


selecting cell reference for 2, 
V1, 12 


selecting option for 12 
optimum — See Optimum cell 


range, saving problem models in 
10,29 


relationships, creating with formulas 
in 
specifying value of 
defining with Value Of option 
12 


selecting cell reference for 2, 
11,12 


value 
clearing 30 


maximizing See herein 
maximizing value of 


minimizing — See herein 
minimizing value of 


negative. avoiding with 
constraints 12 


resetting 7,30 

resetting with macros 34 
restoring original 7, 8, 19. 30 
solving for largest 12 

solving for smallest 12 


Cell Reference box 


See also Constraint 
described 9, 15, 16, 47 


Central differencing. options for 27 
Change button 


changing contraints with 9, 13, 
15 


macro function equivalent 35 


Chart, creating with macros 38-40 
Completion messages 50 
Constrained optimization problem 


1k 


Constraint 


adding 
more thanone = 15 








Constraint (continued) 


adding (continued) 


avoiding negative cell values by 
12 


with Add button 8-9, 11, 15 
with macro functions 34.45 
box — See Constraint box 
canceling = 15 
cell See Constraint cells 
changing 9, 11, 13, 15-16, 35, 48 
clearing 30 
creating 13-16 
definition of = 8,12. 14 
deleting 11, 13, 16, 35, 48 


equality See Goal-seeking 
problem = 17 


inconsistent, effectof 20 
information on, in Answer report 


22 


macro functions, defining with 
34-35 


satisfying = 2, 12,13 

saving, formulas used for 29 

slack, in Answer report 22 

Status of, in Answer report, 22 

summary of, in Subject to the 

,Contraints box 9,12, 134, 14, 
15, 22 

upper/lower bound for — 17 

using in place of Value OF option 
13 


Constraint box 9, 15, 47 
Constraint cells 


adjustable cells, relationship to 
3 


definition of 1 
formulas, placement in 14 
relationship between 
changing 16 
default setting for 9.15 
defining 14 
selecting 15.16 


selecting cell references for 9, 
14, 15, 16, 4K 


upper/lower bound for 14 
value, precision of — 25.26 


Cost of sales, formula for 5-6 





Decision variables See Adjustable 
cell 13 


Delete bution 11, 13, 16, 34, 48 
Derivatives options 22, 27 


Dynamic Data Exchange (DDE) 3, 
47, 48, 49 


E 


Equal To option 
See also Cell 
described = 8 
Equations, types of Solver can solve for 


Error messages 3, 20-21, 47-50 
Estimates options 26-27 


F 


File Opencommand = 5 
File Printcommand 23 
File Save command — 10, 28 
Formula 
costofsales 6 
creating cell relationships with 6 
gross margin = 6 
in constraint cells 14 
logical, creating problem model 
specifications with — 29 
product profit 6 
profit margin 6 
sales revenues 6 


Formula menu, displaying Solver in 
4 


Formula Solver command 
See also Formula Solver dialog box 
described = 1.4.7 

Formula Solver dialog box 
Add button = 9, 13,15 


adjustable cells, selecting in See 
Adjustable cell 


By Changing Cells box. 7,8, 1, 
13 


Change button 9, 13, 15 


constraint cells, selecting in See 
Constraint, Constraint cells 


Delete button 13, 16 
Equal To option = & 


Formula Solver dialog box (continued) 
Max option 7, 12 

Min option 12 

options 


creating problem models with 
| 


macro functions corresponding 
to 34, 32-35 


original settings, restoring 7, 
8, 19, 30 


saving 10 
Options button 


See also Solver Options dialog 
box 


solution process, controlling 
with = 23-27 


saving problem specifications 
with = 10,23, 28, 29 


loading problem specifications 
with — 10,23, 28-29 


Reset button 7, 30 
Set Cell box 7.8, 11, 12-13 


Solve button — 2, 7,8, 9, 12, 13, 
16,17 


Subject to the Constraints box 9, 


12,13, 15, 16 
Value Of option — 12 


Full Menus command = 4 
Function 


arguments 32 
command-equivalent functions for 


Formula Solver dialog box, 
options in 31, 32-35 


Solver Options dialog box, 
options in 36-37 


retum values 32, 36 
SOLVER.ADD = 34,35 
SOLVER.CHANGE = 34, 35 
SOLVER.DELETE 34, 35 
SOLVER.LOAD = 31, 34, 36 
SOLVER.OK = 31,37 
SCLVER.OPTIONS 31, 36 
SOLVER.SAVE 37 
SOLVER.SOLVE 33-34 


G 


Goal-seeking problem — 17, 37 


Gross margin, formula for 6 


/ 


Input See Adjustable cell 
Installing Solver 3 
fteration 

definition of 2, 16 

number of, per problem = 27 


showing with Show Iteration 
Results check box 26 


Stepping through 26 
Iterations box 

default value 25 
location of 24 


setting maximum number of 
iterations in 25 


solution process, limiting time of 
with 24 


K 


Keep Solver Solution option 10, 19, 


42 


L 


Limit report 21, 22-23 
Linear equations 2, 17, 1%, 27 


Load Model button 10, 28-29, 30, 
6, 48, 49 


M 


Macro 

See also Function 
activating 37 
applications, creating 31 
chart, creating 31 


command-equivalent functions 
31, 32-37 


communicating with Solver in 3 


features advanced 38-40 

for a goal-seeking problem 37 
for the sample worksheet 38-40 
functions See Function 

sample 37-40 

sheet, creating blank 37 


Solver stopping conditions, values 
for 33 


table, creating 33 


Macro Runcommand 37 
Macro Sheet command = 37 


Mathematical programming methods, 
Solver options for 26 


Max option 7, 8, 12 
Max Time box = 24-25 


Memory limitations, effects of on 
Solver 2, 13, 48 


Menu, displaying full 4 


Messages 
Completion 50 
Error 47-50 


Microsoft Excel 


communication with Solver, type of 
3,49 


File Opencommand = 5 
File Printcommand = 23 
File Save command 10, 28 


Formula menu. displaying Solver in 
4 


menus. displaying full 4 
models 
creating 1,11 
inputs, supplying 2 
using =| 
status bar = 17 
window, maximizing 7 
Microsoft Excel for Windows or OS/2 


ESC key, interrupting Solver with 
26 


installing Solver in = 3 
macro, sample 38-40 
SAMPLE.EXE worksheet in 5 
SOLVEREX directory 5, 41 
SOLVERI.XLS 47 

Microsoft Excel User's Guide 
DDE, more information in 3 


command macros, more information 
in SI 


custom functions, more information 
in Fl 


Min option 12 


N 


Nonlinear equations — 2, 8, 27 


Optimum cell 


See also Set Cell box 
in solution process 3, 16 


in linear optimization problems 
18 


in trial solutions 26 
saving 28 


Options button — 10, 23, 25, 26 
Options Full Menus command = 4 
Options Short Menus command = 4 
Output 2 


Pp 


Partial derivatives, options for 27 


Precision box 

setting 
default 25 
errorin 48 


low, effect of on solution 

process 20,25 

procedures for 25-26 
resetting 30 


Print command — 23 
Problem 


adjustable cells in See Adjustable 
cells 


constraints in See Constraint: 
Constramt cells 


defining 

more thanone — 10, 29 
procedures for 11-16 
description of — 1 


loading 10, 16, 28-29, 30 


new, restoring original settings for 
7,30 


nonlinear programming problem, 
example of = & 


parameters 
changing 9-10 
entering See herein defining 
keycellsin 13 


resetting with Load Model button 
30 


Problem (continued) 

results 
discarding 7,8,9 
keeping = 10 
viewing 7 

sample See Worksheet 

saving 
formulas used in 29 
problem models 10, 28, 20 

solution 
finding, criteria for 1-2, 13 
finding, using macros 30 
not found, reasons for 18 
precision of 25-26 
Process, controlling = &, 23.24 
Process. description of — 16-17 
Process, interrupting — 17 
Process, iteration limit for 20, 

24-25 

Process, stopping 18 
process, time 24-25, 27 
values, location of — 2 

types of 
constrained optimization — 1K 
goal-seeking 17, 37.38 
linear programming problem 


18 
unconstrained optimization 

17 
values, restoring original = 19 


Product profit, formula for 6 
Profit margin, formula for 6 


R 


Report 
Answer report 21-22 
Limitrepor 21, 23 
printing 23 
selecting 19, 21 
window 23 

Reset button — 7, 30, 34, 49 


Restore Original Values option 7, 8, 
9.19 


Results 
discarding 7,8,9 
keeping 10 





Results (continued) 
viewing 7 
intermediate 18 


S 


Sales revenue, formula for 6 
Sample problem — See Worksheet 
Save command = 10, 28 
Save Model button — 10, 24, 28, 317 
Save Model function 29 
Search options 27 
Set Cell box 7.8, 11, 12 
adjustable cell, relationship to 13 
cell contents of, criteria for 12 
definition of 11 
errors in 49 
formula, errors in 20 
location of = 11 
macro function equivalent for 32 
no cell in, effectof 12, 13,17 


selecting cell references in 7, 8, 
12, 16 


upper/lower bounds for 14 

SETUP.EXE program 3 

Shon Menus command = 4 

Show Iteration Results check box 
solution process, effectofon 24 
tuming off = 31 


viewing intermediate results with 
18, 26, 27 


Solution 
approximate 20 
feasible 
definition of — 17 
finding with macros 31 
steps toward finding — 1-2 


unable to find, reasons for 
18-19, 20, 33, 50 


keeping 19 
messages 
completion, successful 19-20 
completion, unsuccessful 
20-21 
not found, reasons for 18-19 
optimal 
finding with macros 32 
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Solution (continued) 
optimal (coninued) 
results, options for obtaining 


better 26 
steps toward finding — 1-2, 
18-19 


precision of, defining 25-26, 27 

process 
controlling — 8-9, 23-24 
description of — 16-17 
interrupting 17 
iteration limit for 24-25 
maximum time for — 24-25 
precision, defining 25-26 
reports on, creating 21-22 
Speeding up, options for 18 
stopping, reasons for 18-19 
time, factors affecting 18, 

24-25, 27-28 

trial = «18, 26 

values 
finding by satisfying contraints 

12,13 

location of — 2 

viewing intermediate — 18 

Solve button 


activating problem-solving process 
with =2,7,8, 12 


problem-solving process, 
description of — 16-17 


macro function equivalent for 34 
Solver 

activating = 2, 11, 17 

applications, examples of — 3 


efficient portfolio of securities 
45-46 


engineering design problem 
46 


least costly shipping routes 
4 


maximizing income from 
working capital 43-44 

most profitable product mix 
41-42 

staff scheduling at minimum 
cost 43 


command-equivalent macro 
functions in 31-37 


* 


Pe ee 


Solver (continued) 
displaying in Formula menu = 4 
equations, systems of — 17 
equations, types of 2 
error messages 3, 20-21, 47-50 
icon, location of 7 
installing in Microsoft Excel 3 
iterations See Iteration 
iterative method, defined 2 
macro See Macro 


memory limitations, effect of — 2, 
13 


messages 
error = 47-50 
successful completion 19-20 


unsuccessful completion 
20-21 


methodology, changing 26-27 
options, resetting 7, 8, 19, 30 
questions to ask, typesof | 


results 
discarding 7,8,9 
keeping 10 
viewing 7 


intermediate 18 
search direction 
conjugate gradient method 27 
quasi-Newton method 27 
solutions — See Solution 
specifications, changing 3 
larting 4 
troubleshooting — 18-19 
Solver command = 1,4 
Solver Options dialog box 


Assume Linear Model check box 
17, 18, 20, 24, 27, 42 


controlling solution process with 
23-27 


Derivatives options 22, 27 
Estimates options — 26-27 
Nterations box = .24,-25 

Load Model button 10, 29, 30 
Max Time box 20, 24-25 


options, macro function equivalents 
36-37 


Precision box 25-26 





Solver Options dialog box (continued) 
Precision setting 20, 25-26, 27, 
0 
resetting to default values 31 
Save Model button 10), 24, 28, 37 
Search options — 27 


Show Iteration Results check box 
18, 21, 24, 26, 27, 30 


SOLVER.ADD macro function 
34-35 


SOLVER.CHANGE macro function 
34.35 


SOLVER.DELETE macro function 
34-35 


SOLVER.LOAD macro function 31, 
34, 36 


SOLVER.OK macro function 31, 32 


SOLVER.OPTIONS macro function 
31, 32, 34, 36 


SOLVER.RESET macro function 33 
SOLVER.SAVE macro function — 37 


SOLVER.SOLVE macro function 
31,33 


SOLVERI.XLS 47 
SOLVEREX directory 5 
Starting Solver 4 
Status bar 17 


Subject to the Constraints box 9, 12, 
15, 16 


T 


Table. sample creation with macros 
38-40 oe 


Target cell. locationof 11 
‘Target output 
defining with Value of option — 13 


iterative method for determining 
2 


Troubleshooting — 3, 18-19, 47-50 


U 


Unconstrained optimization —-&, 17 
Unknown values See Adjustable cell 
User interface, designing = 41 


V 


Value 
maximizing See Cell 
minimizing See Cell 


Value (continued) Worksheet (continued) 

rate of change = 2 saving 

recalculating 2 

restoring original = 7, 8,9, 19. 31 

solution, location of — 2 

solving for several 

specifying See Cell. specifying 
value of 


problem models 10 
problem specifications 


target, satisfying = 2 
trial, viewing = 18, 26 P 
unknown, finding for 8 
Value Of option — 12, 29 
W 
What-if questions — 1 
Worksheet 
active, displaying problem model in 
8 


cell relationships in 6 
changing while Solver is activated 


17 
models — See Microsoft Excel 
opening 5 


opening more than one — 17 
recalculation — 2, 3, 20, 21, 26, 27 
report window = 23 
sample 

contents of = 6 


efficient portfolio of securitites 
45-46 


engineering design problem 
46 


in Microsoft Excel 5 
in Solver 3 


least costly shipping routes 
42 


maximizing first quarter profits 
by changing advertising, 
problem for 7 

maximizing income from 
working capital 43-44 

maximizing yearly profit by 
changing advertising budget 
quarterly, problem for & 

most profitable product mix 
41-42 

opening 5,41 

staff scheduling at minimum 
cost 43 
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